A semiweekly sampling program at the Scripps Institution of Oceanography pier was begun in 1983 during an 'Έ1 Nino" event. Net microplankton data for March to November 1983 show a temporal sequence of species assemblages of the 24 "important" taxa, with a residence time of 1 to 4 weeks. From March to early September the assemblages consisted of typical neritic taxa. Oceanic warm-water species were found from midSeptember to mid-November when marked positive temperature anomalies, characteristic of the "El Nino" condition, occurred. During the period studied, numerical abundances were low.
Introduction
The occurrence of the El Nino event beginning in late 1982 (McGowan 1984) in the northeast Pacific was the impetus for the initiation of a semiweekly pier sampling program by the Marine Life Research Group (MLRG) of Scripps Institution of Oceanography (SIO). This paper is based on data collected from March to November 1983, but the pier program is continuing to the present. The following questions were posed: What was the general taxonomic structure of the net microplankton (> 24 μπι) at the pier during 1983? Did the samples cluster into assemblages of species; if so, what were the patterns? Were they affected by the increase in water temperature caused by the El Nino condition? ') Present address: MLRG A-027, Scripps Institution of Oceanography, University of California, San Diego, La Jolla, CA 92093, U.S.A. 2 ) Present address: Marine Ecological Consultants, Encinitas, CA 92024, U.S.A.
The largest body of phytoplankton data from this location was collected by Allen in the 1920s to 1940s and resulted in quantitative information on dinoflagellates and diatoms. Allen (1928 Allen ( , 1936 Allen ( , 1940 Allen ( , 1941 summarized from 5 to 20 years of this data. Additionally, modern computer analyses are currently being applied to the data by D. Goodman and S. Tont. The 20-year fluctuations in the abundance of diatoms on the southern California coast have been considered in Tont (1976) and Tont and Platt (1979) . Sverdrup and Allen (1939) and Sargent and Walker (1948) related the distribution of diatoms to water masses and currents off Southern California. Briand (1976) reported on seasonal variation of phytoplankton during 1972-73 at a pier 100 miles to the north. Balech (1960) compared the species composition at the Scripps pier during a "warm" period (1957) (1958) with that of a "cold" period (1938) (1939) .
Methods
From the beginning of 1983, net samples have been collected every 3-4 days at the SIO pier, usually at midmorning. Approximately 20 1 (occasionally 40 1) were siphoned from the centre of the water mass in the flume located at the seaward end of the SIO pier. The flume water is pumped from a depth which depends on the state of the tide but is roughly 4.5 m. Water depth at the end of the pier was estimated to average 6 m. The sample was collected in a carboy prior to filtration through a small conical screen of 24 μΓη-mesh which was immersed in a perforated bucket of water to reduce pressure on the contained organisms. A jar was inverted on the screen and the sample rinsed into the jar with 200 ml of filtered sea water. The sample was preserved with 12.5 ml of sodium borage-buffered formalin. An unconcentrated sample for chlorophyll determination was collected in a 1.31 Nansen bottle at a depth of from 1 to 1.5 m. Surface temperature and wind speed were measured, and wave height and water transparency were estimated. Chlorophyll was determined fluorometrically as described by Venrick and Hay ward (1984) .
Subsamples were examined in a Sedgewick-Rafter chamber for species identification and enumeration of cells. Bacteriastrum spp., Chaetoceros spp., Skeletonema costatum and Planktoniella muriformis were counted as chains or colonies. Counting was done at 150x magnification in strips delineated by an ocular grid until at least 200 cells had been seen. The entire slide was scanned for rare species. The data considered here extend from March 1983 to November 1983 (samples 59-779), since during that time the microplankton net-samples were enumerated by a single person (M. W.). Whittaker's (1952) percent similarity index was used to compare samples and subsequently a dendrogram was constructed to show clusters of samples (groups 1 through 7) with similar species assemblages, using the method of weighted pair groups of Sokal and Sneath (1963) (Fig. 1 Figure 1 shows the dendrogram of the PSI between samples. Seven groups (1, 2, 3, 4, 5, 6, 7) and six subgroups (4A, 4B, 5A, 5B, 7A, 7B) were subjectively determined. Within each group the samples were basically arranged chronologically. Five samples did not fall into these groups (numbers 59, 229, 359, 649 and 779) . Major groupings can be associated with particular species assemblages (Fig. 2) , and compared with the records of temperature (Figs 3 and 4) and chlorophyll (Fig. 5) .
Results
A total of 148 taxa (Figs 2 and 6) was identified, some of them consisting of species associations (e.g., N. seriata "group" Bacteriastrum spp.); some of unidentified species (e.g., Protoperidinium sp. Q); and some of larger taxonomic groups (e.g. unidentified naked dinoflagellates). Figure 2 shows the total number of microplankton cells per liter recorded for each of the samples and the temporal variations in the abundance of the 24 most important taxa. The criterion for inclusion of a taxon into the category "important" was that its numerical abundance represented > 10% of the total microplankton in at least two of the 76 samples studied. These taxa accounted for an average of 65% of the total cell numbers, and, as shown in Figure 6 , the majority of the remaining 124 taxa accounted for less than 6%. If we compare the occurrences of the important species with the groups of Figure 1 , we see that every group of samples was characterized throughout the year by a distinctive microplanktonic assemblage (Fig. 2 ).
Group 1 (Mar 15-Mar 22; samples 69-89): Chaetoceros spp. "small", Skeletonema costatum (Grev.) Cl. and Nitzschia seriata "group" were the most prominent diatom taxa.
Group 2 (Mar 25-Apr 4; samples 99-129): the diatoms Asteromphalus heptactis (Breb.) Ralfs, Asterionella glacialis Castr., Chaetoceros spp. "small", Cylindrotheca closterium (Ehr.) Reimann et Lewin, N. seriata "group", Thalassionema nitzschioid.es Grun. were characteristic.
For both groups, microplankton abundances were moderately high (between 7000 and 30000 cells r 1 ), although the small diatoms included in these 2 groups may have been underestimated by the use of a 24 μΓη net.
Group 3 (Apr 7-May 2; samples 139-209): Asterionella glacialis Castr., Chaetoceros spp. "large", Chaetoceros spp. "small", Hemiaulus sinensis Grev. were frequent, and others, Eucampia zodiacus Ehr., Rhizosolenia stolterfothii H. Per., were present only during this period. These samples had the highest records of microplankton cells Γ 1 (up to 10 5 ) and highest chlorophyll values (Fig. 5 ).
Group 4 (May 6-Jun 21; samples 219-349) was unusual in that the arrangement of samples was not in chronological order. This pattern can be related to fluctuations of the dinoflagellate Prorocentrum micans Ehr., which was the most prominent species in subgroup B representing > 70% of the entire microplankton. On the other hand, the high abundance of unidentified cell CO distinguished subgroup A.
Microplankton abundance was highest during the P. micans dominance (subgroup B) and lowest in subgroup A, with the exception of sample 229.
The sudden increase and later decrease of P. micans marked the 3-4 and 4-5 boundaries, respectively. Total microplankton abundance was low (< 3000 cells r 1 ).
The boundaries between groups of samples did not always coincide with major changes in taxonomic associations but rather with changes in the relative abundance of individual species. Our observations on the "important taxa" (> 24 μιη) allow us to define tentatively a general pattern: Diatom cell numbers and species were consistently high from March through early May, moderately high in midJune, end July, mid-August and end November. Dinoflagellates exhibited highest abundances from May through early July, and in November. Silicoflagellates showed highest values in November, and the large coccolithophorid, U. sibogae, with few exeptions, was recorded only in October-November.
As shown in Figures 1 -3 and 5, some of the samples were clustered separately or fell out of the chronological sequence. The reason for this relates to the specific content of these samples (see Fig. 6 ), which is different from the general pattern described above (Fig. 2) . Since the environmental parameters (water temperature, wind speed) were not notably different during the anomalous sampling periods (samples 59, 229, 359, 649, 779), we cannot assume that they were implicated.
Temperature (Figs 3 and 4)
For the year 1983 there seems to be some relation between changes in temperature and the major shifts in the numbers of microplankton cells per liter (Fig.  2) , and the sample groups designated in Figure 1 and characterized in Figure 2 .
Temperature changes > 0.5 °C were noted at the boundaries between groups 2-3, 3-4, 4-5, 5-6 and 6-7. No accompanying temperature change was seen at the boundary between groups 1 and 2; however, changes in the species assemblage were noted. Large (> 3 °C) temperature changes within group 4 marked the A-B boundary, which was clearly associated with different species dominances. In contrast, the temperature drop (from 22.5 to 18.2°C) within group 6 was not accompanied by changes in the species assemblage. The temperature differences at the boundaries of subgroups A and Β within groups 5 and 7 were less marked.
In general terms, the microplankton pulse (midMarch through June) came during a period of moderate temperatures (14-19 °C), while highest temperatures (18-23 °C), recorded from July through mid-November, were associated with lowest numbers of microplankton cells Γ 1 .
Temperature records remained well above the 63-year mean during several weeks of the year 1983, especially in March, and from September through mid-November.
Chlorophyll (Fig. 5)
Highest chlorophyll values (> 3mg m~3) were measured in early March, April and June. The values represent total phytoplankton chlorophyll: thus a relationship to the limited taxa discussed here is tenuous. However, changes in chlorophyll a mg m~3 can be seen at each group boundary (with the exception of boundaries 5-6 and 6-7), with the largest change between 2 and 3. In addition, moderate changes took place within groups 4 and 5, marking the subgroups A-B boundaries. No chlorophyll change marked the A-B boundary of group 7. The clear drop within group 3 was accompanied by a drop in the microplankton cells Γ 1 recorded ( Figure 2) ; no major changes in the species assemblage we studied could be detected. 
Discussion and Conclusion
The complex hydrographic and topographic conditions of the Southern California Bight confound attempts to understand the structure of the microplankton populations in both time and space.
The temporal sequence of species assemblages shown by our data is chronological with a few exceptions. The assemblages are not repeated during the nine months of this study, and their sequence is dependent upon qualitative and/or quantitative changes (Figs 1 and 2) . The fact that these assemblages did not repeat over this period is in general agreement with the statement of Goodman et al. (1984) that each water parcel would be expected to transport a characteristic species assemblage. They suggested that diatom-dominated phytoplankton assemblages persist from 1 to 3 weeks. Our data for microplankton lead us to a similar conclusion: 1 to 4 weeks. This is seen in Figure 1 , in which the period represented by two adjacent samples is about a week.
The species which Allen noted as major contributors are present among our 24 important taxa [e.g., Asterionella glacialis (-japonica) , Eucampia zodiacus, Nitzschia seriata, Skeletonema costatum, Thalassionema nitzschioides, Ceratium furca, C. cf. divaricatum (=tripos?), Prorocentrum micans, Protoperidinium (=Peridinium) divergens]. Except for A. glacialis and E. zodiacus, the occurrence of the other taxa is similar to that found in Allen's data (Allen 1928 (Allen , 1936 (Allen , 1941 . The uncertain identification of C. tripos (Allen 1941) makes it difficult to compare occurrences, but it is present in the summer months in both sets of data. Similarly, the combination of Chaetoceros species precludes useful comparisons.
The usual spring diatom increase described for this and other areas (e.g., Allen 1928 , 1936 , Reid et al. 1970 ) occurred in 1983, even though marked positive temperature anomalies were recorded. The dinoflagellate peak was in May-June. Briand (1976) found a time lag (approx. 2 months later) in the major diatom and dinoflagellate increases. At the SIO pier, microplankton abundance in the size range we studied was frequently lower than that reported in previous years (for example, Allen 1922a , 1922b , 1927a , 1927b , Dorman 1927 . Allen (1940) stated that "warm years" (e.g., 1926 and 1931) were unfavorable for diatoms and especially for dinoflagellates. However, it is difficult to compare numerical data due to differences in sampling techniques and the inclusion of disparate taxa. (Fig.  2) , and in April and May in offshore locations. UmbiHcoxphaera sibogae asnd Ceratium extension were frequently recorded offshore from September through November, and Dlctyocha fibula during November and December. These three species were important at the pier in October and November. Previous investigations have suggested both resemblances between inshore and offshore phytoplankton catches (Allen 1928 ) and recognizable differences (Allen 1941) . Balech (1960) related the presence of oceanic warmwater microplankton in inshore waters from August 1957 to May 1958 to the "El Nino" condition, exemplified by high temperatures at the Scripps pier (Fig. 4) . The temperature profile for 1983 shows similar positive anomalies. Our records of some species (Hemiaulus membranaceus, Umbilicosphaera sibogae, Ceratium extensum), usually associated with oceanic warm-water conditions, occurred mainly during October and November 1983 (Fig. 2) . Matrai (1984) studied Ceratium species collected in January 1983 on a line from the Central Gyre across the California Current to the coast and concluded that oceanic, warm-water species did not move east to the California coast as noticeably as they did during the 1957-1958 "El Nino" event (Balech 1960) . Whether our species were, in fact, advected in from the west, whether they originated in the south, or indeed whether in situ seed stocks were activated by the higher temperatures is difficult to decide.
The current patterns in the Southern California Bight are variable. Sverdrup and Allen (1939) , using data for February through December 1938, described the California Countercurrent flowing northwestward a few kilometers offshore, exept in intensive upwelling periods which occurred from March through May at the latitude of the Scripps pier. They associated the southeast-flowing, cold, upwelled water with a shallow mixed layer and found that it contained high diatom abundance. The long-term means (Wyllie 1966 ) confirm this general picture of the water movements in the Bight. The situation closer inshore, at the pier, is less well understood. Winant and Bratkovich (1981) found the main longshore currents to be usually southward with occasional northward components in the fall. The development of eddies further confuse the picture. Sargent and Walker (1948) related patchy distributions of diatoms to cyclonic eddies of freshly upwelled water.
In spite of the temperature increase during the "HI Nino" year 1983, the species composition was not unusual, except possibly from mid-September through mid-November. The 1 ΈΙ Nino" condition shown from temperature anomalies began to fade in the Equatorial Pacific in early 1984 (Oreunographu· Monthly Summary, 1983 , 1984 . However, the unusually high temperatures persisted in the California Current (Simpson and Lynn, manuscript) and at the Scripps pier through December 1984 (Fig. 4) . Chlorophyll measurements at the pier also remained generally lower than I mg m"* until February 1985 (MLRG, unpubl. data) . To data we have no microplankton data for 1984, so we are unable to ascertain whether the persisting high temperature and low chlorophyll a measurements at the pier are related to unusual species assemblages.
